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POLYMERIZATION PROCESS

* FIELD OF THE INVENTION . -

[0001]  This invention relates to the polymerization of propylene over Ziegler-type .
catalysts and, more particularly, to p‘olymerizéﬁon processes carried out using supported titanium E
based catalysts of closely controlled titanium content to p'rohduce iéptactic pdlypropyle_néha"ving L

high melt flow rates while retaining good steredregularity. .,
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BACKGROUND OF THE INVENTION

[0002] T_he polymerization 'oft propylene bovel_* ZiegleerSrpe catalysts to produce .
isotactic propylene pdlyfners is well known in the art -"Th'e. stereoregularity of such isotactic
polymers is typically measured in terms of the percent of th'_e "po'ly'm"eri fluff Whjch is _sOluble in

xylene. In general, relative low xylene solubles chtentvpolyn.le‘rs‘a're';')referred'.

[0003] Ziegler-type catalysts incorporate a t;ansifioh metal Such ae' txtamum, o
zirconium or hafnium, which functions to provide sites for the ineertion. ef rrio‘noméf units 'inte g -
growing polymer chains. One tly'pel of such po‘lyﬁ;erizafion catalysts ihvolves the' 1eo-céiled'
homogeneous catalyst systems in which the tran’sition' metal cpﬁlpeuqd i's'1 .a‘ metallocene )
comprising one or more substituted or unsubstituted cyclopentadienyl' greups coordinated Vwith.
the transition metal atom forming the situs for polymer growth. Such metallbcen.e-.based cataiyst
systems are disclosed.U.'S. Pat. Nos. 4;_794,096 to Ewen and ,4,892,851 fco Ewen et a].',. fof use in

~ the polymerization of propylene to form isotactic or syhdiotactie polypropylene.

[0004] - The more widely 4us'e‘d .t'ransitie_r'l. ‘r'netall cat_aiysts' are the v's'o-celll.led.“_"'
heterogeneous catalyst systems in which transitionA_ metal - hali‘des,' »éirconiurh, hafniﬁm '4or‘ |
titanium, di-, tri-, or tetre-halides, are incorporated wi‘thla. sﬁpport Strueture, }-)rincip'avllyv be_xsed -
upon magnesium or zinc halides, ethc_)xides or the like." For example; U.S. Pat. No._4,4'7'6_,'l28§ to o
Mayr et al. discloses .so-called "activated"l titanium .tetrahalides,_ mo;e seeciﬁcally? tltanlum ..
tetrachleride; supported on anhydrous magnesium or zine halid.es,' -IIJ'rineip'al‘ly“magﬁeSiﬁm '_

- chloride or magnesium bromide.  The ;[ransition metal component ié used in ‘conj_uﬁcfion with
a second component, commonly referred to as a co-catal&ét, which as desérjbed in the Mayr etal. -
patent, is a hydride or ‘orgenometa;iic eompoﬁhd baeed primarily Aupen alurhinmh, al‘_chbugh
lithiumlor magnesium based compeunds are also disclosed. A sgppor;ed eatalyst eqnteining 'yet- '
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another component is‘di'sclosed ip U.S. Pat. No.A4,A6'36,486- to Mayr et al. Here, the. titaﬁium" ‘
compound,'- which may be a hal‘ide, an oxyhélide or an alcoholate 1n eithér the di-,v tri-, or
tetravalent form, is composited with the magnesium support, together with an électron dbnor
compound. Such electron donors, commonly referred to as iﬁtémai electfqn don(')rs"b'ecaﬁs.e £hey
are incorporated as part of the transition metal catalyst component, can be se‘lecltéd froﬁi a brdad
class of cdrhpounds including amines'; amides, phosphines; efherS, .'thj'oe‘thérs,. alcohol ésters, .
aldehydes, and ketones. As in the case of fhe aforemgntioned Patent;N(-). 4,476,289 to I\A/'I'ayr,-;the
catalyst system here also includes a co-catalyst such as Atrir'neth,_ly». aluminum’ (TMA) (.)r“.

triethylaluminum, (TEAL).

[0005]  Yet a third 'compoﬁent often employe»c.l' in Z_ieéier-typé .<.:atallyst systems is a so-
called external electron donor. The external electron donors function similarly as the ihtemal '
electron donors and in a cbmplimentary or supplemen’;ary manner to' regﬁlaté mqﬁomgr inse_ljtiox;
into the polymer chain growing on the transiﬁon metal active >sites-. Thus, thé electron dénors.
can have an impact upon catalyst activity, polymef moigculaf §veight, and polymér hidfbhology
- as reflected in stereospecificity and physical parameters sﬁch as mglting point. For e“Xample, in :
the polymerization of p‘ropylene,vthe' addition of elcct:bn donors under controlled condition§ can
result in dramatic inérease's in activity (the amount of polymer pféciﬁéed pér unit of ¢atalyst) and _ 
in stereoregularity, e.g., an increase in isotactic polymér cohteﬁf w1th évc'ox"rcs'pondin'g' .degv:fcase ,' |

in atactic polymer content.

[0006] The comialiméntéry nature Qf the internal and ie_x_tlemal electron ‘ddnozrsl is
addressed in Soga,l K. et al,, "Efféct of Diesters and Organosilicon Compounds on the Stability
and Stereospecificity .of Ziegler-Natta Catélysts", Transition Metél 'Cata‘lyzed Polymgérizatibns:‘
Ziegler-Natta and Metathesis Polymerizations, Quirk, R.P., Ed., Cambridge Univcrsity Press,
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New York, 1988, pp. 266-279. As discussed in Soga the concentratlons of the internal andl A
external donors in the catalyst system can be adjusted in order to optimize the act1v1ty and the |
stereospecificity of the catalyst. In the expenmental work reported there, the transition metal_ |
catalyst component comprising titanium tetrachloride supp‘orted on magnesium dichloride yvith' ’
an internal donor, e.g., di-N butylphthalate was slumed in hexane followed by the addltlon of an
extemal electron donor phenyl tr1 ethoxysﬂane and tnethylalumlnum (TEA) co- catalyst Soga :
et al. report on polymerization rates over penods of s_everal hours and 1sotact1c 1ndlces measured 5
over periods of several Ahou;rs. for various internal, ‘ext'emal: caltalyst‘ systems -at varying;

- concentrations expressed in terms of silicon/titanium mol ratios and TEA/titanium mol ratios.

[0007] US. Pat. No. 4,287,328 to Kikuta et al., is directed to the polymerization of
alpha olefins in the presence of lmulti-component 'catalyst systems‘ i_nvolving a "Solid'product"',_‘ : »
‘combined with an organoaluminum compound including, for exaniple, Ci-Cio _trialkylaluminum,_ ,
triethylaluminum, alky! alkyoxyaluminums, and alkylaluminum halides, and an electron donor‘"
including various 'organic acids, alcohols, ethers, aldehydes, ketones, amines, alkenol amines,
esters, phosphines, phosphites, thioethers, .thioalcohols, isil_anes, and siloxanes. The '.":solidf :
product” catalyst component 1s formed by'reacting a trivalent metal halide lSuch as aluminum
trichloride, aluminu’m tribromide.or ferric trichloride witha divalent metal compound such as "
magnesium, calcium, or. zinc hydroxide or oxide or carbonate with' titanium' tetrachloride, .

‘ characterized as an electron acceptor. 'Numerous orders of a_dditions of the various components'. '
are described in Kikuta et al., especially in columns 6 through 9. Conditions of mixing can vary.- -
over wide temperature ranges and time interVals, l)ut temperatures are preferably in'the range of
room temperature to about 100°C. The mixing of the various cornponents ;an«b'e _c'arried out”

over periods of several minutes to several hours.
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[0008] . U.S. Pat. No. 4,567,155 to Tovrog et al., discloses multi-componentf'catalyst L
systems useful in the gas phase p}olymeriz'.at'ion of alpha oleﬁns. .In'.’l“oyrog et al., the catalyst'
systems comprise two base 'catalyst components, each’ contalning s‘ubcomponents.w' The _ﬁrst' -
component, identified as component X comprises. a titanium component‘supporteds ona
hydrocarbon insoluble magnesium component in combination w1th an electron componnd. The
second. major component is a’ co- catalyst component character1zed -as component - "B"' -
~ comprising a tnalkylalummum an aromattc ac1d ester and an unhmdered secondary amtne
Tovrog discloses that the catalyst components may be mechamcally act1yated by commmutlon'- N
prior to use in polymer1zat10n Commmuted .catalysts may be pre-polymer1zed with an alpha
olefin before use as a polymenzauon catalyst component. In the pre-polymer1zat1on prolcedure,
comminuted catalysts and an organoaluminum _compound co-catalyst are contactedeith an alplla C |
olefin under polymerization conditions and preferably in the presence of a modlﬁer snch as
methyt-p-toluate and an inertvhydroc_arbon sucn as hexane, With_'typical time durations .for-
prepolymetization and other pretreatment__procedures lnvolving‘ periods of minutes up to a fevy__ . :

hours. ..
[0009]  U.S. Pat. No. 4,767,735 to Ewen et_.al.v'discloses a pre-poly_merization‘pr'o.cess""' :
carried out over a period of less than a minute and usually ten seconds or less. 'In the EWen' et al =

procedure an organic solvent stream such as hexane or heptane is estabhshed in a pre-mlxmg

line. To th1s stream are added sequentlally a ‘co-catalyst (TEAL) an external electron donor. -

(dlphenyld1methyoxy51lane) and a supported catalyst component (titanium tetrachlor_lde,- '
supported on magnesium dichloride) to form a catalyst system which is then pre-polymerized by
contact with propylen_e for a few seconds. An alternative mode ‘of addition in the Ewen' etal.

procedure is to add the electron-donor to the carrier stream after the addition of the titanium
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catalyst component, but still before the addition of the propylene Ewen et al dlSClOSC that the A
cocatalyst should be present when the electron donor and the transmon metal catalyst component -

~ contact one another i in order to avord poisoning of the titanium catalyst. |

[0010] ngh efﬁcien’cy'catalyst ‘systems employing' external electron donor_s which-
‘may be characterized .generally- as sec or tert alkyl or-cycloalkyl, alkyl dia'lkoxyl silanes.in
comhination with titanium tetrachloride supported on magnesium based supports derived from'
dialkoxy magnesium compounds are disclosed in Patent 4 927 797 to Ewen. By way of -
example, the supported catalyst may be formulated through the reaction of d1ethoxy magnesrum )
titanium tetrachlonde and butyl phthalate under appropnate condltions as spec1ﬁed in the patent. " .
A suitable extemal electron donor here is methylcyclohexyldrmethoxysﬂane which is. compared'

with d1phenyld1meth0xy51lane_as disclosed in the aforementioned Ewen et al. patent.

[0011] U.s. Patent No. 5 432, 139 to Shamshoum et al. d1scloses the formulat1on of
titanium tetrachloride and other transition metal chlor1de supported catalyst systems by means of .
“various orders of addition of the catalyst components m’order to achleve various results in terms

of melt flow indices, polymer'bulk density catalyst activities and xylene solubles content.x As‘

d1sclosed in the Shamshoum et al Patent various factors such as order of addition and the tlme .

in wh1ch various components are contacted before the additlon of another component can be

regulated to arrive at a catalyst having desired characte_ristics in terms of factors .such as activities -

and bulk density and stereoregularity of the polymer"pproduct.” 'Another consideration'in the

polymerization of propylene is the melt flow index of the polymer product.
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SUMMARY OF THE INVENTION

[._001.2] . In accordance with the present invention there isprovideda novel proc.ess for -
the production of a'stereoregular propylene polymer cliaracterized in terms 'ot" aﬁhigh melt ﬂoyv"
rate whlle retalnmg a relatively hrgh stereoregulanty as measured by the xylene soluble content .
of the polymer product In carryrng out the invention, a polymerlzation reactor 1s operated under
temperature and pressure condltions effective for the reaction of propylene supplled to the-
reactor to produce stereoregular 1sotact1c propylene polymer ﬂuff ‘A monomer stream " )
containing propylene is supphed to the polymerization reactor A titanium- based supported '
Ziegler-Natta catalyst is incorporated into the monomer .stream. The titanium#based, catalyst
incorporates an internal electron donor and has a titanium content of at'least 1.7 Wt.%:.- A.'co—‘.
catalyst comprising a trialkylaluminum is supplied to the propylene monomer stream. ‘the co-
catalyst is supplied in an amount to provide an aluminum/titanium molar ratio within the" range :
of 50-500. In addition, a silicon-based external electron donor 1s supplied to the propyleneA
monomer stream in an amount to provide an aluminum/silicon molar v'ratio within the range v'of
10-500. Polymer fluff is recovered r‘rom the polymeri‘zation reac_to_r.v The polymer ﬂuff, has a’

-melt flow rate of at least 200 grams/10 minutes, preferably. at least 300 grams/ lO minutes, and a
xylene soluble content of no more than 4' wt.% and‘ prei'erably no more than .3.5 wt.%.
Preferably,' the Ziegler-Natta catalyst comprises titanium tetrachloride on .a magnesium based
support,‘ and the internal electron donor is di-butylphthalate. A preferred e_xternal electron donor . -
is cyclohexomethyldirnethoxysilane; A preferred co-catalyst isl triethyl aluminum haying‘ an -

aluminum hydride content of no more than 1.0 wt.%.
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BRIEF DESCRIPTION OF THE DRAWINGS

| [0013] Fig. 1 is a graph of catalyst activity vs. external electron donorlconcentraltioh;'_ ’

Fig. 2 .is a graph of melt: ﬂo'w of pblymer product pro'dluced' by various catalysts vs.
external electron donor cohcentration; : | | | |
Fig. 3 is a graph of xylene solubles content of brbducts prodliced by '.vari.ous'vcétalyst': .
components as a function of external electron dopdr concentration;‘ ks N
Fig. 4 ié a graph of catalyst activities vs. eléctrdn dbhqr conée%ﬁtratidri fo? Vafioﬁé,éatély’ét S
c_bmpoﬁenfs at the same hydrogen concent;ation; - -. o |
Fig. 5 is a graph of éatalyst Va(‘:ti'\'ri'ty fbf van'oﬁs'catalyst 'compdnentsl é.g “a functlon of |
hydrogen cﬁncentration; | : |
Fig. 6 is a graph of xylene sblublés_ content pql'ymer fluff produced by varioﬁs‘ catélys_t
: components asa function of external electron donor concentration; and
| Fig. 7 is a graph of thg melt ﬂow of polymer products produced by various catalyst -

components 'é_s a function of hydrogen concentration. .
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. DETAILED DESCRIPTION OF THE INVENTION

[0014] In the polymenzation of propylene over Zregler—type catalysts an 1mportant o
consideration is the achievement of a high yield of polymer commonly expressed in terms of |
catalyst activity. Catalyst act1v1ty is normally stated in terms of grams of polymer per gram of N
transrnon metal per hour Another 1mportant charactenstlc in polymer productlon is the bulk.‘
densrty of the polymer. The bulk densrty, commonly expressed in terms of grams per cubicv
centlmeter should be relatively high. If the bulk densrty is too low, the polymer w1ll tend to be
"fluffy" and w111 tend to cause plugglng and handlmg problems in the product transfer system.
This is particularly important in a continuous or a 's'emi-co'ntinuous‘polymeﬁzation V\‘fhere_
plugging of the withdrawal outlet or a_nother'_polint' in the polymerization system can ~caus_e .

serious interruptions in production schedules.

[001S] = Yet another signiﬁcant polyme'r characteristic is the cr'ystalliinit.y' 'of the -
polymer product. As indicated previously, in the polymerization of p’ropylene the resulting_
polymer product can be isotactic, synd10tact1c or atactic. Syndiotactic and isotactic polymers are |
crystalline and are- relatively 1nsoluble in hydrocarbons solvents such as xylene Atactrc.
polymers, on the other hand, are amorphous waxy-type matenals Wthh exhibit high solubihty
in xylene. Thus, the stereoregularrty of a syndiotactic or 1sotact1c polymer can 1 be measured :
indirectly by the xylene soluble contént of the polymer fluff. Depending upon the use to whichv
the polymer fluff is to be put, the xylene soluble content normally should not exceed 4%, usually .

it will be preferred to provrde a xylene soluble content of about 2.8- 3 5 wt.%.

[0016] Another polymer characteristic is the melt flow rate determined byz standard - -
tests involving the amount of polymer extruded through a die under an applied force. One
suitable characterization of polymer melt flow is the melt flow index as 'determined in

9
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accordance with ASTM D1238 whe're' polymer flow at a temperature of 230° C under anvapplied ,

force of 2.1 kilograms is reported in grams per vll)‘minutes. For some products it is sometimes L

desirable to provide a polymer ﬂuff havmg a hrgh melt ﬂow about 200 grms/ 10 mmutes or more
and preferably about 300 grams/ 10 minttes or more. Such polymers are useful in the formation‘i'-
of polypropylene fibers. These products, often_charactenzed as ultra ,h,rgh melt flow polymers,
involve a balance between achieving the de‘s.ired high melt'.ﬂowr while‘ retaining the xylene’
solubles at the desired level. ‘Stated otherwise, high'melt ﬂoy'vs often are 'achieyed at the e‘xpens‘g l,

of an undesirably high xylenes soluble content.

- [0017] - The stereoregularity of a propylene 'p‘olymer_ :can.be ‘described by_r_egular
repeatable structures which can be characterized in terms of the ..Fi.scher projection formula as '
described below. In the isotactic structure, all of the methyl groups attached to the tertrary o

'carbon atom of the successive monomer un1ts lle on the same s1de of a hypothetical plane
extending through the main chain of the polymer as indicated schematically by the following |

two-dimensional representation:

NN
‘For syndiotactic structures, the methyl groups attached to the tertiary carbon atoms on successive
" monomer units lie on alternative sides of the hypothetical plain' is as follows:

2
[0018] For structure (1) 'aboye,. the isotactic arrangement may "be described -
employing Bovey's NMR nomenclature as--mrnmm--in which each m represents a "meso" dyad .
of two successive methyl groups on the same side of the plane. Using this same nornenclature,
10
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the syndiotactié Stmc@e (2) above, may be d‘eSci'ibedl as—-rfrr--,' with each r indic?tihg a’
"racemic" dyad .of two éuééeséive mgfhyl groups .On o‘pp:osite sides‘of _"the‘ hybétheti'cél'plaﬁcj
+ The non-‘cfystalline atactic polymers involve rahd(;mly' irregulér 'struéture-s.' ‘F'or a furthé.ri
descﬁption of other characte';izatiori_s _lof. _ataétic, isbtactic and synldidtéétié. polymers,‘ reference
may be had to the aforefrieﬁtiohéd Patents Nos. 4,794,696 and 4,895,851,‘ the entire disclelslure.s

of which are incorporated herein by reference.

[0019] 'As noted above, the ci'ystallinity ofa polyfner such as isotactic polypropylene |

can be characterized in terms of the, péréeﬁtage of the polymer which is SOIﬁble in xyléne. For - _

highly crystalline isotactic polyprdpyléne, ‘with féw atactic imperfections, the 'percgﬁf? of the.. .
polymer soluble in xylene will be quite low, typically on tﬁe oArd.er' iof 4% or leés and sO_metifhes,-
below 3%. .As the po'lymer‘ chair_l becomes more atactic, _'xyler'l‘eA soluﬁlcs can range _f(‘)v figures co
, Well in excess of 5%, whicﬁ indicates pdlyrﬁers, while still retéining gc;od structural integﬁty, '

having a high degree of atactic imperfectioﬁs.

[0020] - The present. invention may be carried out employing indiizidua_l ‘catalyst L
~ components which are, in terins of the chemistry invol\}ed,;well known to those skilled in the art.

© The present invention makes use of a supported titanium based catalyst incorporating an internal

electron donor as described in the aforementioned Mayr et al. Patehtv'4,636',486_in which th_é RO

transition metal is titanium as described the aforementioned, patent NQ. 4,927,797 to EWeh.

- [0021] The co-catalyst employed in the preSent invention is a trialkyl alummum -
Specifically, suitable trialkjl aluminums are trimethyl alurhinum and tri_éthyl aluminum as noted

above, with triethyl aluminum usually being preferred. The triethyl alluminum. can have -

11
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incorporated therein a small amount of aluminum hyd'r.iAde (A1H3) which can be varied to

accomplish certain polymer characteristics.

[0022]  For a general discussion of tré.ns‘ition metal and co-catalyst cor‘hpphé_nts in
Ziegler catalysis, reference is made to ABoo’r, John "Ziegler-Natta Catalysts in Polymerizations,;'
'Academic Press, Inc., New  York (1979) and particularly, Chapter 4 entitled "Chemical

Description of Ziegler-Natta Cdtalysts for Olefins."

[0023] The external electrbﬁ donof used in the present invention can‘b'e seleéted 'fro.m_-' |
a Wide variety of such Lewis bases as are well known .in theart Preferébly, the el.ectron'donor',
used here will t:'ik.e'the form of orgarﬁc silicon-@oﬁtaining combbﬁhds sﬁch’ as organic siloxar_ies. o |
or silanes, including silyl ethers and esters such as alksll or arylalkyl alkoXysilanes. Paﬁiéularly =
suitable éxamples include methylcyclohexyldimethoxySiiahe, isobutyl -tl;il.lietl‘l.ojxy:Silaﬂe.- and “'_ -
diphenyl dimethoxysilane. Other suitable‘ catalyst components whi‘ch'can be used in carrying”out |
the invention are disclosed in the aforementioned i’aients Nos. 4,287,‘328 to. Kikuta. et ai., .
A 4,567,'155A to Tquog et al.? 4,316,9'66:t(.) Mineshima et'al., and 4,9'2.7’7.97 :to Ewen, the v'entire‘

disclosures of which are incorporated herein by reference.

[0024] Various procedures cz;n be efnploycd in mixing the titanium 'co;catélyst :
component, the organoaluminum co-catalyst component, and the external ele_ctfon ddan :
component. These comﬁom;nts can be 'mixed together, or as usually_will be preferréd, théy can .
be mixed with one another sequentiélly under various orders of gddition :and contact times as .
described in the aforementioned Patent No. 5,432,139 to Shamshoum et al. "Thus, t'he'pr‘e's'en.t
invention can involve the formulation of Zieglethype catalysts ' by fpixing the various .

components thereof under certain specific orders of additions and contact timés -between

12
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' compénents when going from one contaétiné step to another. ' After thé_ s'e\./eral compoﬁents aré '
mixed together; the résulting mulfiécomponenf catalystlisl then contacted with propylené to effilecfv .
polyrﬁerizafion of the monomer in ’th.e pf'esence"of the Ziegler-type catalyst.‘ Preferably, the
iﬁitial‘propylen'e ‘contacting step sﬁbsequent fo'fonnﬁlation of the éorﬁpésite catalyst 1s a
prepolymerization step with the resulting pféfpo]yﬁierized c%ltaiyst then béing éupplicd to a’

polymerization reactor to produce the desired polymer product.

[0025]  The polymerization process ﬁlay Bg_ carried out és eitherlié batqh-fype,‘
continuous, or semi-continuoﬁs précess, but preferably, polymefization of the probylené ‘;'
monomer will be carried out in a Aloop-type reactor of the type disclosed in the aforen'ientiéneid‘ '
patent no. 4,767,735 to Ewen et al. As described in the Ewen et al. patent, when fhe catalyst
components are formulated together, they are supplied to a linear tubular pfe-polymérizatiori _'
reactor where théy are 'contacted fcv)r‘ a relatively short timé wi'thv the pre-polyrﬁe;i;atioh'__
propylene prior to being introduced into the mgin loob-type reactof. By waj{ .of exémplé, the
residence time of the catalyst and monomer -within'- th§ 'lpre-polymei‘fvization reactor ‘vwill'. be

normally less than a minute, and usually within the range of a few seconds to pefhaps 20

- seconds. In the experimental work using a batch-type process described hereinafter, the catalyst | |

components, after being combined to form the _Ziegler_-type catalysts, were pre-pqumerized with

propylene for a period of 2-5 minutes.

[0026] Subject to thé requireménts of titanium content and the relative amounts of co-_
catalyst and‘ electron donors as deéqribed in greater detail below, the_ catalyst systems of the =
present inveﬁtion may be any suitable type. Catalyst systems préferred for use in carrying out
| thé _inv_entiqn are the so-called new .generatién titanjum catalyst as described in the
aforefnentioned patent no. 4,927,797 to E\;ven. As described in the Ewen ‘797 patent tflé"slo-'

3
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called new generation catalysts' may:eomprise a solrd catalyst 'component- obtained by ‘(i) _'
suspending a dialkoxy magnesium in‘ an aromatic hydrocarhon' thatl is _liqnid at 'nonnla:l, .
temperatures, (ii) contacting the dialkoxy magnesium' with a titanium halide and further {iii) :
contacting the resultmg composrtlon a second time w1th the tltamum hahde and contactmg the. :
dialkoxy magnesmm with an 1nternal electron donor specrﬁcally a drester of an aromatlc‘ |

v drcarboxyhc acrd at some p01nt during the treatment with the titanium hahde in (11).

[0027] Sultable aromatic hydrocarbons useful in the formatron of the catalyst 1nclude S "

benzene xylene, ethylbenzene propylbenzene and trlmethylbenzene A diester of phthahc acid’

is normally used as the drester of the aromatlc dlcarboxyllc ac1d Examples of surtable mternal .

3 electron donors 1nclude dlmethyl phthalate d1ethyl phthalate dipropyl - phthalate dnsopropyl 3
phthalate dibutyl phthalate dnsobutyl phthalate, dramyl phthalate dusoamyl phthalate '
.methylbutyl phthalate, ethylbutyl phthalate, ethyhsobutyl phthalate and ethylpropyl- phthalate;‘A

Suitable titanium halides include TiCly, TiBr4 and Tily, w_ith TiCl, being preferred.

[0028] The ratios of the respective components can be v_aried to arrive at the desired
titanium content of the '.c‘atalyst. In general, the diester of the aromatic dicarboxylic acid is nsed
‘in an amount of 0.01 to 2 g, usually' 0.1 to .1 g, per g‘raml of the dialkoxy magnesium, and the '
titanium halide is used in an arnonnt of at-least 0.1 g, preferably at l'eastlil g, per grarn of the
alkoxy magnesiurn. The amount of the aromatic hydrooarbon' Wthh is 'liquid -ét. normal 4

temperature should be sufficient to form a suspension.

[0029] Snspension of the dialkoxy magnesiurn into the aromatic hydrocarbon may be -
performed at a temperature of from room temperature to the boiling'noint of Ath,'e" aromatic .

hydrocarbon used for up to 100 hours, preferably up to 10 hours. The formed suspension should - |
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not be a homogeneous solution. The contact of the suspensto'n With tnel' titanium halide and tne~
contact of the composition obtained by sa1d contact w1th the tltanrum hahde may be carrled out -
at a temperature of from - 20°C to the. boiling point of the tltanlum hahde used usually 50° to
120° C, for 10 minutes to 10 hours. The means for contactmg the components is not paprtrcularlyt
critical, so long as sufficient eontect is Aattatined arnong the' respeetive cornponents. Thev eontact is

carried out by using a vessel provided with a stirrer.

[0030] The extern_al'electron donors used in carrying out the present inVention ‘are‘f"
organic silicon compounds sueh as those described by the following formula:
, ‘ORz S

R.t - ISi ~ Ry
or,
wherein R, is a bulky, basic alkyl or cyc_loalkyll group containing at 'leajst one s'eeonda'ry.:'or, -
tertiary carbon atom; Rz and Rj are afkyl or aryl groups; and R4 is.é.n- alkyl group wi‘th‘.e.i Prlmary -
ce.rbon atom attached to .the silieon atom. In preferred .e;(ternal"electron donors-‘ R1 is ev‘:.
cyclohexyl or t-butyl group, R, and R3 are methyl, ethyl or propyl groups, and R, is a group

containing '1-6 carbon atoms. A most preferred electron donor is methylcyclo-

hexyldimethoxysilane ("MCMS").

[0031] - In the production of high melt flow polyp.ropylene',in accordance with the | o
- present invention, molecular hydrogen, Hj, is supplied to the polyrnerization reactor in a'.limited
amount. Normally, it Mll be preferred to limit the hydrogen to one mol percent of the propylene
introduced into a loop-type reactor as described below. Preferabiy, "h};drogen within the range o_f ', -

about .45 to .9 mol.% is employed. Where higher pressure reactors étre used, greater amounts of .
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hydrogen up to about 2.0 mol.% can be employed. vAs indicated by the experimental- work
described below, the hydrogen content can be mamtamed below one mol percent while Stlllm.
' producmg a polymer of high melt ﬂow characteristics when employmg the preferred titanium- . .‘

based catalyst in the present invention. -

[0032] In addition to the amount of hydrogen employed in the polymerization:
procedure, the amount of external electron donor employed can also have an impact on melt ﬂow i "
of the polymer product. The amount of ex_temal' donor’can also 'be.vaned,depending upon the L
internal donor level of the titanium catalyst eompo'nent;-. Thus,- if the intemal donor is at »'a: -
relatively high level, a'lower 'amoun,t of ex_ternal .donor' can be employed to achi‘e‘ve‘: a desired o
melt flow rate. As indicated previously; achi'evin.g_'a- desired hig_h melt ﬂow rate lmu'st be
balanced against the xylenes soluble content of the polymer. »' The desired polymer characteristic .
.produced in accordance with the present .invention is axylene-soluble content of 4 wt.% or less; - |
:pr'eferably within the range of about 2.5 or 35 wt.% with a melt flow rate of 200 grams/10 --

minutes, preferably a melt flow rate within the ‘r'ange of 300-350 grams/10 minutes, = |

[0033] Suitable catalyst systems 1nclud1ng 1ntemal and external electron ‘donors of 3

_the type descnbed above are dlsclosed in USS. Patent No. 6, 323 293 to Shamshoum et al the | S

entire disclosure which is mcorporatedherein by .reference. However, whereas the Shamshoum:‘ '
et al. patent discloses very broad titanium contents rangmgfrom about 1.5 wt.‘%.'to about 6 wt%
_ titanium, the catalyst employed in the present invention has a t1tamum content of‘ atlea:sttl_..'7 and.
preferably at least 1.8, ranging up to 2.2 wt% By employing the catalyst having. a limite_dt :
titanium content in accordance with the present invention and providing folr a good .hydrogen ., ;
response, the polymérization reaction can bé cartied out to provide a polymer fluff having a melt
flow rate of at least 200 grams/ 10 minutes as describediprevliously. This may be contrasted wrth -
16
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“ the much lower melt flow rates of 30 grams/10 minutes. or le‘s's ‘as disclosed in the

aforementioned Shamshoum et al. patent.-

[0034] In laboratory expe’rixhental .runs can‘iéci respecfiﬁg Athe. present iﬁs}éﬁtibﬁ, a
number of titanium catalysts identified hérein. as Catalys'is A thréugh' :F'wéfe emi)loy'éd .un'd¢r'
different conditions of co-catalyst contenf, external do;lpf content, and hydrégen confent. ‘Th.e
labofatory polymerization procedurés Wefe carried out in a batch—type reactor at a polymerization
- temperature of about 70° C and a pressure of about 65.0.-750 psig. The various cat_alysts
employed an internal_' donor, di-isobutylphth.alaté; v'aryivng‘frorr; ab‘o'ut‘ 8 to 11 wt%. The .
cocataiyst. employed»in the experimental work wéé tri-_ethylaluminum (TEAL) cqntaihing less
than 1 wt.% aluminum | . hyc»lride,‘ 'and * the gxtemal. 'é‘léctror‘l ' donor | : W’as o '
cyclohexylmethyldimetho;(ysilé.he (CMDS). The cataiysfs exﬁplbyed in this suite of Aexp’erinilents
were relatively low titaniufn content catalysts, i.e. catafy_sts havi_né less than.a'bp_lit. 20 wt%
titanium. The chairacteristics of the catalysts identified hefein as Catalysts A tlﬁou-gh F are sét

forth in Table 1T

Table 1
_Catalyst % Ti Content | Cat. Particle Size, d50

(u]

A 1.50 10.9

B 1.85 12,6

C 1.73 " 11.6

D 1.63 . 11.3

E - 1.86 - 9.6

F 1.6 9.2

[0035] In a first suite of experiments, the catalysté identified above as Catalysts A

through F were employed in laboratory polymerization experimehts' using a TEAL cocata‘lyst-

having a low hydride content of less than 0.1 wt.% as aluminum hydride (AlH3). The results of

17

DALLAS:31223/77507:873996v1



this experimental work in terms of- activity, melt flow of the polymer prodUct, and percent
xylenes content of the polymer product, all as a function of the ‘amount o‘f electroh donor;
CMDS, 'are reported in Figs. .1 through 3. .More specifically, Fig. 1is a plot'of activity Am
grams of polymer per gram of titaniu‘m_ per‘h_our plotted orithe ordlnate yersus the external dorlor
concentration in millimoles, »D,_' plotted on theabscissar Frg 2isa pvlot of:rrle'lt ﬂo'w, MF,m
grams/10 minutes plotted on the ordinate versus the exterrlal_ electron_ dorror'l leveI; 'D; : ln
millimoles on the abscissa, and Fig. 3 represents a plot of xylene soluble _content, xl, i-n.‘wt.%' of
the polymer fluff, plotted on the ordinate yersus the exterhal donor level D, ih mlllimoles plotted-
on the abscissa. In each of Flgs l 3 the curve representmgthe varlable reported is desrgnated by , | B
the letter suffix correspondmg to the catalyst 1dent1ﬁcat10ns presented in Table 1. Thus, in Fig. -
1, curve 1b is a plot of activity of the catalyst reported for Catalyst B of Fig. 1 plottedl.as a
function of the donor level ranging from 0.01 through O 02 millimoles. S1m11arly, curve 1f is a
plot of the catalyst activity for Catalyst F asa plot of donor levels Smnlar results are reported in
Figs. 2 and 3. Thus in Fig. 2 for example the melt ﬂow of the polymer ﬂuff produced by
Catalyst B is indicated by curve 2b for external donor levels ranging from 0.01 to 0.02
millimoles. Similar designations are used in Fig. 3 to indicate the xylenes SOluble coriteht of the .'
polymer fluff product by the various catalyst_designated as B through F in Table :1 as a:ﬁm_ctionf :
of the external electron donor content. In evaluating the various catalyst characteristics_ reported- R
in this er(perimental work, it is to be realized that the results reported for the various cat_alysts and
titanium contents ot“ the catalysts are ‘qualitative with respect to each other and can be correlated. - -
bqualitatiyely to actual plant operations. 'Thus, considering melt ﬂow,‘for example, in an. actual
operation carried out in a loop-type reactor at pressures and. temperatures typically involved in ..

the operation of such reactors, e.g. 60-80° C and 35-45 atmospheres,'higher melt- flow levels .
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result than indicated quantitatively.by the experimental worl(. H_owéver, .the qualitative response' -

. of melt ﬂow"to donor levels shown in the experirnental work can be expected to be found in

“actual plant operat1ons Thus, con51der1ng Catalyst E, for example, whrch shows only a rnodest -
decrease in melt flow with an increase in external donor level, this same relatively ﬂat response

can be expected to occur in actual plant operations. -

[0036] Bearing in mind the competing relationships hetWeen electron don'or content

: and melt flow and xylenes soluhle, i.e., a relatively hjgh electron donor'content corresponding to
a desired low xylene soluble content, but also a lower nielt tlo_w content,: it can been_' seen that B
Catalyst B and E, hav1ng the somewhat higher titanium contents of about 1.85 versus the' a
remaining catalysts, having relatlvely flat responses in both melt flow and xylene solubles as the :
A external electron donor is increased from a low value to a high value. This enables the practlce
of the present invention to achiev_e relatiyely high melt flows without an unacceptable sacrifice in
xylenes soluble content by control of hydrogen level in the polymerization reactor. Speciﬁc'ally, ‘,
the hydrogen content can be increased to enhance the melt flow index of the resulting polymer

product while retaining a relatively flat response in xylene solubles.

.[0037] | The response to hydrogen of certain of the catalysts set forth in Table 1, ‘alqﬁg~' 3
with the Acorresponding external donor response, is illustrated in Figs. 4through 7. 'Mofé ,
specifically, Figs. 4 and 5 illustrate the activities, A, of the catalyst plotted on the 0rd1nate versuls.'. “
the donor level, D, plotted on the abscissa in Flg 4 and the hydrogen level, H in mol percent',
plotted on the abscissa i in F ig. 5. Fig. 6 illustrates. the xylene soluble content, xl in wt % asa
function of donor level, D, in rnmol on the absc1ssa, and Fig. 7 1llustrates the melt flow, MF, 1nx '
grams/10 minntes, as a function of hydrogen, H, in mol percent on the abscissa. .AAs in the .case_
of Figs. 1-3, the various curves of the corresponding catalysts are indicated by the. catalyst :

N . ,
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designations of Table 1. Thus, 1n Fig 4 curye 4a 1nd1cates the act1v1ty achieved with Catalyst A
at the donor levels of 0.01 and 0. 02 m1111moles Similar desrgnatlons are employed in F1g 6 w1th ,
curve 6a indicating the xylene solubles content resultmg asa function of donor level for polymer _
fluff produced by Catalyst A of Table 1. In Figs 5 and 7, the respective catalyst act1v1t1es and' -
melt flow 1nd1ces are 1nd1cated by the catalyst de51gnation for -the lower donor content )
corresponding to an alurn1num/srhcon ratio'of 100 and the same de51gnation primed llS use_d to
“indicate the higher donor content corresponding to an aluminnr'n/silicon mol ratio of 50. Thus’, in
Fig. 5,‘ for example, curve 5¢ indicates the activity as a function of hydrogen level, with an

external donor content of .01 Amillimoles'corresponding to a silicon/alurhinum atomic ratio of *

100. Curve 5¢' illustrates the act1v1ty for Catalyst C at the higher external donor corresponding» =

to a lower alummum/s1l1con mol ratlo of 50 Similar des1gnations are used in’ Fig 7 for -

aluminum/silicon mol ratios of 100, eg,’lc for the melt ﬂow resulting,frorn Catalyst. C»wrth an
aluminuny/silicon mol ratio of 100 and 7¢' for Catalyst C at the lower alurninuni/silicon mol ratio

of 50 (corresponding to a donor level of 0.02 mmols of CMDS).

[0038] As "can be seen from the foregoing experimental work, the titanium-hased
Ziegler-Natta catalyst can be employed in carrying out the present invention to proyide a
polymer fluff characterized by a high melt flow rate while retaining a low xylene soluble content,
. indicative of a highly stereoregular polyrner. ‘The melt flow rates can be increased by increasing )
hydrogen concentrations. The'relationshin between the xylene'content and the external electron
donor, such as cyclohei(ylmethyledimethoi(ysilane‘., also provides a sys'tem. for regulation of the -

characteristics of the polymer fluff. |
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[0039] Having described specific embodiments of the present inventioh?.it will'be
understood that modifications thereof may be suggested to those skilled in the art, and ‘it is .

intended to cover all such modifications as fall within the scope “o_f the appended claims.
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